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(54) Title: CONCENTRATED SOLUTIONS OF CARVEDIIX>L 

^ (57) Abstract: The present invention is concerned with pharmaceutical ly acceptable solutions of carvedilol or pharmaceutically 
acceptable salts thereof containing adjuvants with lipophilic character, with the carvedilol content lying above 5 % (wL/wl, based 

Q on the solution) and the carvedilol being distributed in the solution as a molecular dispersion, as well as pharmaceutical adminis- 
tration forms containing such solutions and their use for the treatment and/or prophylaxis of illnesses, such as hypertension, cardiac 

^ insufficiency or angina pectoris. 
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Concentrated solutions of carvedilol 

The present invention is concerned with concentrated pharmaceutically acceptable 
4 solutions of carvedilol and/or of a pharmaceutically acceptable salt thereof in adjuvants 
with predominandy lipophilic character, pharmaceutical administration forms containing 
5 such formulations as well as their use for the treatment or prophylaxis of illnesses. 



Carvedilol is a non-selective 0-blocker with a vasodilating component, which is 
brought about by antagonism to the cc-adrenoreceptors. Moreover, carvedilol also has 
antioxidative properties. Carvedilol (l-(4-carbazolyloxy)-3-[2-(2-methoxyphenoxy)ethyl- 
10 amino] -2-propanoI) is the object of European Patent No. 0 004 920 and can be 
manufactured according to the process described there. 



"Pharmaceutically acceptable salts" of carvedilol embrace alkali metal salts, such as 
Na or K salts, alkaline earth metal salts, such as Ca and Mg salts, as well as salts with 
. • 15 organic or inorganic acids, such as, for example, hydrochloric acid, hydrobromic add, 

nitric acid, sulphuric acid, phosphoric acid, dtric add, formic add, maldc add, acetic add, 
succinic add, tartaric add, methanesulphonic acid or toluenesulphonic add, which are 
non-toxic for living organisms. 



20 At pH values in the pharmaceutically relevant range of 1 to 8 the solubility of 

carvedilol in aqueous media lies between about 1 mg and 100 mg per 100 ml (depending 
on the pH value). This has been found to be problematical espedally in the production of 
highly concentrated parenteral formulations, such as e.g. injection solutions or other 
formulations for use in small volume administration forms for ocular or oral 

25 administration. 
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In the case of the peroral administration of rapid release carvedilol formulations, e.g. 
the commercial formulation, resorption quotas of up to 80% are achieved, with a 
considerable part of the resorbed carvedilol being rapidly metabolized. 

5 In connection wifri investigations into the gastrointestinal resorption of carvedilol it 

has been established that the resorption of carvedilol becomes poorer during the course of 
passage through the gastrointestinal tract and e.g. in the ileum and colon makes up only a 
fraction of the resorption in the stomach. This has been found to be very troublesome 
especially in the development of retard forms in which a release should take place over 
10 several hours. The poorer resorption is presumably due entirely or at least in part to the 
decreasing solubility of carvedilol with increasing pH values. A very low solubility can also 
be established in the strongly acidic region (about pH 1-2). 



In order to improve the resorption quota, especially in the lower regions of the 
15 intestine, investigations have been carried out for adjuvants and, respectively, formulations 
which are suitable for increasing the solubility and/or speed of dissolution of carvedilol 



Accordingly, the underlying purpose of the invention lay in the provision of 
pharmaceutical^ acceptable, concentrated solutions of carvedilol suitable for further 
20 processing to carvedilol formulations with improved resorption properties, such as, for 
example, a modified release characteristic. 



Thereby, it has surprisingly been found that it is not the combination with strong or 
medium strength organic or inorganic acids by salt formation which leads to the highest 
25 solubility improvements, but on the contrary the combination with quite particular 

adjuvants with lipophilic character. Thus, e.g. a slight increase in the solubility in aqueous 
media can be achieved by a combination with certain weak carboxylic acids, such as, for 
example, succinic acid, adipic acid, citric acid, tartaric acid, etc; however, certain adjuvants 
with lipophilic character lead to clearly higher increases in the solubility. 

• 

30 

Under adjuvants with lipophilic character there are to be understood in connection 
with the present invention especially adjuvants selected from the group consisting of 
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carboxylic acids, especially those with a long lipophilic molecular residue, organic alcohols, 
especially those with a lipophilic molecular component, and macrogol glycerol fatty acid 
esters. These adjuvants with lipophilic character can be used individually or in a 
combination of two or more adjuvants with one another. 

5 

It is especially surprising that the solubility of carvedilol in individual, specific 
carboxylic acids, especially those with a long lipophilic molecular residue, exhibit the best 
results with spacing. In the case of the saturated fatty acids there are to be named, for 
example, caproic acid, caprylic acid, capric acid, lauric acid and myristic acid. Preferred 

10 saturated fatty acids in connection with the present invention are caprylic acid, capric? acid 
and lauric acid, with capric acid being especially preferred. Preferred unsaturated fatty 
acids in connection with the present invention are linoleic acid, oleic acid, palmitoleic acid 
and erucic acid, with oleic acid being especially preferred. In the especially preferred 
carboxylic acids, oleic acid and capric acid, the solubility of carvedilol in each case amounts 

15 to > 100 mg/ml at 37°C 



Furthermore, it has been observed that certain organic alcohols can likewise bring 
about such a clear improvement This is again especially true when a lipophilic molecular 
component is present Benzyl alcohol, with a solubility, of likewise > 100 mg of carvedilol 
20 per ml at 37°Q has been found to be especially favourable in this connection. Further, 
•« • fatty alcohols, such as octanol, decanol, dodecanol, tetradecanol and hexadecanol, are also 
suitable. 



Similar observations have also been made with macrogol glycerol fatty acid esters, 
25 especially macrogol glycerol laurate (Gelucire® 44/14) and macrogol glycerol stearate 
(Gelucire® 50/13). Diethylene glycol monoethyl ether (Transcutol® P) also has similarly 
good dissolving properties for carvedilol. 



Especially preferred lipophilic adjuvants are oleic acid, capric acid, benzyl alcohol, 
30 macrogol glycerol laurate, macrogol glycerol stearate and diethylene glycol monoethyl 
ether. 
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These findings are surprising and new inasmuch as only clearly lower solubilities of 
carvedilol have been found with the solvents and, respectively, adjuvants usually used for 
the production of highly concentrated solutions of substances which are poorly soluble in 
water. Thus, the solubility of carvedilol in glycerol oleyloleate, medium chain triglycerides 
5 and natural oils, such as cod liver oil, soya bean oil, sesame oil, peanut oil, olive oil and 
cotttonseed oil, lies at bfelow 50 mg/ml and in many cases at even below 10 mg/ml. Also, 
the solubility is very low in pronounced lipophilic solvents, such as paraffin, petroleum 
ether, etc. 



10 Presumably, the molecules such as oleic acid, benzyl alcohol, macrogol glycerol f 

laurate, macrogol glycerol stearate and diethylene glycol monoethyl ether, which have been 
ascertained to be especially favourable, have, inter alia, a quite specific ratio of suitable 
hydrophilic and lipophilic molecular components. This is especially evident in that e.g. 
organic carboxylic acids each with hydrocarbon chains which are only slightly shorter or, 

15 respectively, longer already fell off appreciably with respect to the dissolution properties for 
carvedilol. Apparently, e.g. the double bond in the - longer chain - oleic acid provides a 
relationship favourable for the solution of carvedilol similar to that as the shorter 
hydrocarbon chain in capric acid 



20 The present invention is accordingly concerned with pharmaceutical^ acceptable 

solutions of carvedilol or of a pharmaceutically acceptable salt thereof containing adjuvants 
with lipophilic character, with the carvedilol content lying above 5% (wt/wt, based on the 
solution) and the carvedilol being distributed in the solution as a molecular dispersion. 



25 Under a molecular dispersion there is to be understood a monomolecular 

distribution of the active substance in a suitable carrier. 



The carvedilol content in the solutions in accordance with the invention preferably 
lies at 5% (wt./wt, based on the solution) to 60% (wt./wt, based on the solution). In a 
30 further preferred embodiment the carvedilol content lies at 5% (wt./wt., based on the 
solution) to 50% (wt./wt, based on the solution). In an especially preferred embodiment 
the carvedilol content lies at 10% (wt/wt, based on the solution) to 40% (wt/wt., based on 
the solution). 
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Especially preferred are pharmaceutically acceptable solutions of carvedilol in oleic 
acid or Gelucire® (44/14), preferably Gelucire® (44/14), with the carvedilol content 
amounting to 5% (wt/wt, based on the solution) or above and the carvedilol being 
5 distributed in the solution as a molecular dispersion. 

By a combination of carvedilol with the aforementioned adjuvants there can be made 
available concentrated solutions of carvedilol which permit the production of particular 
medicaments either generally for the first time or provide medicaments with especially 
10 advantageous properties. Thus, the solutions in accordance with the invention are 

especially suitable for the production of rapid release formulations or formulations with a 
modified release characteristic, such as, for example, retard forms with delayed release. 



A rapid release formulation in accordance with the present invention is characterized 
15 in that about 95% of the active substance is released within about 2 hours, preferably about 
50% of the active substance is released within 30 minutes. Under a modified release 
characteristic there is to be understood a 95% release after more than two hours, preferably 
after 2 to 24 hours, or a pH-dependent release in which the beginning of the release is 
delayed in time. 



Thus, for example, there can be produced rapid release medicaments for peroral 
administration which exhibit an improved resorption over comparable medicaments 
which have been produced using crystalline carvedilol In this case, formulations in 
accordance with the invention which contain oleic acid or Gelucire® (44/14) as the 
25 adjuvant are preeminently suitable for the production of such rapid release medicaments. 



Furthermore, peroral forms with modified release, which in comparison to 
conventional medicaments produced using crystalline carvedilol exhibit dearly improved 
resorption properties, especially in the lower regions of the gastrointestinal tract, can be 
30 produced from the formulations in accordance with the invention. To these there belong 
e.g. forms which are resistant to gastric juice as well as retard forms in which the release 
extends over a long period. Thus, for example, peroral administration forms with the 
release characteristic of a product resistant to gastric juice can be produced in which no 
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release takes place at pH 1 within 2 hours and a 95% release takes place at pH 6-8 within 
2 hours. 



For the production of such medicaments, the carvedilol solutions in the adjuvants 
5 in accordance with the invention can be used either directly or in combination with further 
additives (such as, for example, gel formers, antioxidants such as ascorbic acid and its 
derivatives or tocopherol and its derivatives) or in further processed form. The solutions 
in accordance with the invention can also be filled into pharmaceutical!/ usable capsules, 
especially hydroxyprop)4methylceDulose, hard gelatin and soft gelatin capsules, whereby 
10 the capsules can be modified in their pharmaceutically relevant behaviour (e.g. release 
behaviour) in a suitable manner, e.g. by coating. Thus, for example, the release of the 
active substance can be controlled by a coating which is resistant to gastric juice. 



The concentrated carvedilol solutions in accordance with the invention and the 
15 medicaments produced therefrom can contain further additives, such as, for example, 
binders, plasticizers, diluents, carrier substances, glidants, antistatics, antioxidants, 
adsorption agents, separation agents, dispersants, dragging laquer, de-foamers, film 
formers, emulsifiers, extenders and fillers. When used in liquid form, there can be present, 
for example, flavour improving additives as well as substances usually used as preserving, 
20 stabilizing, moisture retaining and emulsifying agents as well as buffers and other additives. 



The aforementioned additives can consist of organic or inorganic substances, e.g. 
water, sugar, salts, adds, bases, alcohols, organic polymeric compounds and the like. 
Preferred additives are lactose, saccharose, magnesium stearate, various celluloses and 
25 substituted celluloses, polymeric cellulose compounds, highly dispersed silicon dioxide, 
maize starch, talc, various polymeric polyvinylpyrrolidone compounds as well as polyvinyl 
alcohols and their derivatives. It is a prerequisite that all additives used in the production 
are non- toxic and advantageously do not change the bioavailability of the active substance. 



30 The liberation and, respectively, the resorption of the carvedilol from the solutions 

in accordance with the invention can be controlled by these additives. This is possible, for 
example, by the production of gels, especially oleogds, using pharmaceutically usual 
additives. Under an "oleogeT there is thereby to be understood a disperse system from at 
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least two components, with a lipophilic liquid component being present in a gel former, 
such as e.g. hydrophobized silicon dioxide. Suitable additives which come into 
consideration are, for example, cellulose derivatives (such as hydroxypropylmethylcellulose 
(HPMC), hydroxypropylcellulose (HPC) etc.)* colloidal silicon dioxide and its derivatives, 
5 bentonite (a water-containing layered silicate), poiymethacrylates or other suitable organic 
or inorganic oleogel foijmers. 



Thus, for example, pharmaceutical administration forms can be produced in which 
the active substance is released by erosion of the active substance-containing gel and/or 

10 diffusion from the gel matrix (e.g. carvedilol, adjuvant (e.g. oleic acid) and 10% gel . 
former). In this manner there can be obtained systems in which the active substance 
release can be controlled by erosion and/or diffusion of the active substance from a matrix. 
The gel-like formulations can either be filled into capsules or (with appropriate 
consistency) be converted into solid administration forms in another suitable manner, 

15 such as, for example, by extrusion (e.g. by means of a worm extruder with subsequent 
rounding off to pellets) or spray solidification. 

In the case of spray solidification, the material to be solidified is sprayed as a melt at 
the upper end of a wide, cylindrical container through a heatable atomizer arrangement to 

20 give a droplet mist The resulting droplet mist is mixed with cooled air (preferably 
< 25°C), which is conducted into the dryer around the atomization zone. The heat of 
solidification which results is taken up by the air and transported away and the separated 
solidified powder is removed from the container via a separator. As atomizer 
arrangements there come into consideration (heatable) rotary pressure nozzles, pneumatic 

25 nozzles (binary/ternary nozzles) or centrifugal atomizers. 

In a further variant the active substance can be dissolved in a warmed lipophilic or 
amphiphilic solvent and subsequently solidified, e.g. by means of spray solidification with 
an appropriate adjuvant (for example hydrophobized silicon dioxide). 

30 

Further, the use of the solutions in accordance with the invention or formulations 
therefrom in systems with osmotically controlled release is possible. In this case, the 
continuous release of medicament is dependent on osmotic forces. Water penetrates e.g. 
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through a membrane into the reservoir with a sweUable adjuvant which then as a result of 
an increase in volume forces out the medicament solution through a release opening. 

■• 

The conversion of the carvedilol solutions in accordance with the invention into 
5 solid, flowable formulations is also an object of the Application. This can be effected e.g. 
by embedding the carvedilol solutions in accordance with the invention in other 
pharmaceutical^ usual adjuvants or adsorbing them on these. An example of this is the 
spray drying - where necessary at an elevated temperature - of an aqueous solution of 
hydroxypropylmethyicellulose in which the carvedilol solution in accordance with the 

10 invention is present in finely dispersed form. After the spray drying there is present a'solid, 
flowable product in which the carvedilol solution is present in finely dispersed form in or 
adsorbed on the hydroxypropylmethyicellulose (HPMC) particles. The conversion of the 
carvedilol solutions in accordance with the invention into solid, flowable formulations 
facilitates the production of solid administration forms of the formulations in accordance 

15 with the invention with a modified release characteristic. 



In the case of spray drying, the material to be dried is sprayed as a solution or 
suspension at the upper end of a wide, cylindrical container through an atomizer 
arrangement to give a droplet mist The resulting droplet mist is mixed with hot air 
20 (preferably > 100°C) or an inert gas which is conducted into the dryer around the 
atomization zone. The resulting solvent vapour is taken up by the drying air and 
transported away and the separated powder is removed from the container via a separator. 

Finally, medicaments for dermal/transdermal application and for use on mucous 
25 membranes as well as forms for the parenteral administration of highly concentrated 
carvedilol formulations, which contain the carvedilol solutions in accordance with the 
invention with or without further additives (for example, solvents such as propylene glycol, 
ethanol, glycerol, water, polyethylene glycol, etc; antioxidants such as ascorbic acid and its 
derivatives; buffers such as phosphate buffer, acetate buffer, citrate buffer; preservatives 
30 such as parabens; and/or salts for varying the osmotic pressure, such as sodium chloride), 
can also be produced from the formulations in accordance with the invention. 
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As pharmaceuticaUy* acceptable administration forms of the carvedilol formulations 
in accordance with the invention there come into consideration, for example, capsules, 
tablets, pellets and solutions. Capsules and tablets are preferred pharmaceutically 
acceptable administration forms. 

Pharmaceutical administration forms containing the carvedilol solutions in 
accordance with the invention have an improved bioavailability compared with 
corresponding formulations containing crystalline carvedilol, since the active substance is 
resorbed more rapidly in dissolved form than in crystalline form. 

The pharmaceutical solutions in accordance with the invention are suitable for the 
production of medicaments for the treatment and/or prophylaxis of cardiac and 
circulatory disorders, such as e.g. hypertension, cardiac insufficiency and angina pectoris. 



15 The dosage in which the pharmaceutical formulations in accordance with the 

invention are administered depends on the age and the requirements of the patients and 
the route of administration. In general, dosages of about 1 mg to 50 mg of carvedilol come 
into consideration. For this, formulations with a carvedilol active substance content of 
about 1 mg to 50 mg are used. 

20 

The present invention is also concerned with a process for the production of 
pharmaceutically acceptable, concentrated carvedilol solutions, which comprises the 
admixture of carvedilol with suitable adjuvants with predominantly lipophilic character, 
such as, for example, capric acid, oleic acid, benzyl alcohol, diethylene glycol monoethyl 
25 ether, macrogol glycerol laurate or macrogol glycerol stearate or mixtures of these 
adjuvants with one another. 



Further, the present invention is concerned with a method for the treatment of 
illnesses, such as hypertension, cardiac insufficiency or angina pectoris, which comprises 
30 the administration of medicaments which contain the pharmaceutical formulations 
described above. 
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The following Examples are intended to describe the preferred embodiments of the 
present invention, without thereupon limiting this. 



Example 1: 



Carvedilol 
Capric add 

10 

The carvedilol is introduced into the capric acid, which is wanned to about 35°C, 
and stirred until solution is complete. 



Example 2: 

15 

Carvedilol 
Oleic acid 



The carvedilol is introduced portionwise into the oleic acid and stirred intensively 
20 under protection from light and under a N 2 atmosphere until the individual portions have 
dissolved. Alternatively, an acceleration of the dissolution of the active substance is 
possible in an ultrasound bath. 



Example 3: 

25 
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Carvedilol 
Gelucire® 44/14 

The Gelucire® 44/14 (macrogol glycerol laurate), which is a wax-like solid at room 
5 temperature, is melted at about 50°C. The active substance is incorporated portionwise 
into the melt and stirred until solution is complete. Subsequently, the warm> liquid 
solution can be filled e.g. into HPMC capsules or processed further in another suitable 
manner. Alternatively, the solution can be left to cool and the solidified intermediate 
product can be further processed at a later point in time. 

10 

Example A 

Hard or soft gelatin capsules with the following composition can be produced with 
the carvedilol solutions in accordance with the invention: 

15 

Carvedilol 
Oleic add 

Hard gelatin capsule 



20 The carvedilol is introduced portionwise into the oleic add and stirred intensively 

under protection from light and under a N 2 atmosphere until the individual portions have 
dissolved. Alternatively, an acceleration of the dissolution of the active substance is 
possible in an ultrasound bath. The carvedilol solution is subsequently filled into capsules. 
The capsules can be provided with an increased protection from leakage by banding or 

25 sticking the upper and lower parts in a suitable manner. 
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Claims 

1. A pharmaceutical^ acceptable solution of carvedilol or of a pharmaceutical!/ 
acceptable salt thereof containing adjuvants with lipophilic character, wherein the 
carvedilol content lies above 5% (wt/wt, based on the solution) and the carvedilol is 
distributed in the solut£>n as a molecular dispersion. 



2. A pharmaceutical^ acceptable solution according to claim 1, wherein capric add, 
oleic acid, benzyl alcohol, diethylene glycol monoethyl ether, macrogol glycerol Iaurate or 
macrogol glycerol stearate or mixtures of these adjuvants with one another is/are present as 
10 the adjuvant with lipophilic character. 



3. A pharmaceutical^ acceptable solution according to claim 2, wherein oleic acid 
or macrogol glycerol Iaurate or mixtures of these adjuvants is/are present as the adjuvant 



15 4. A pharmaceutical^ acceptable solution according to claim 3, wherein macrogol 

glycerol Iaurate is present as the adjuvant 



5. A pharmaceutical^ acceptable solution according to any one of claims 1 to 4, 
wherein the carvedilol content amounts to 5% (wt/wt, based on the solution) to 60% 
20 (wt/wt, based on the solution), preferably 5% (wt/wt, based on the solution) to 50% 
(wt/wt, based on the solution), especially 10% (wt/wt, based on the solution) to 40% 
(wt/wt., based on the solution). 



6. A pharmaceutical!/ acceptable administration form containing a 
25 pharmaceutical^ acceptable solution according to any one of claims 1 to 5. 



7. A pharmaceutical^ acceptable administration form according to claim 6, which 
is a rapid release administration form. 
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8. A pharmaceutically acceptable administration form according to claim 6, 
wherein no release takes place at pH 1 within 2 hours and a 95% release takes place at pH 6 
to 8 within 2 hours. 



5 9. A pharmaceutical]/ acceptable administration form according to claim 6, which 

has an active substance release extended in time in the range of 2 to 24 hours. 



10. A pharmaceutically acceptable administration form according to claim 6, 
wherein the pharmaceutically acceptable solution according to any one of claims 1 to 5 is 
10 embedded in a gel matrix. 



1 1. A pharmaceutically acceptable administration form according to claim 6, 
wherein the pharmaceutically acceptable solution according to any one of claims 1 to 5 is 
used in a system with osmotically controlled active substance release which is accepted for 
15 pharmaceutical use. 



12. A pharmaceutically acceptable administration form according to any one of 
claims 6 to 11, which is an oral administration form. 



20 13. The use of a pharmaceutically acceptable solution according to any one of 

claims 1 to 5 for the treatment and/or prophylaxis of cardiac and circulatory disorders, 
such as hypertension, cardiac insufficiency or angina pectoris. 



14. The use of a pharmaceutically acceptable solution according to any one of 
25 claims 1 to 5 for the production of medicaments for the treatment or prophylaxis of 
disorders, such as hypertension, cardiac insufficiency or angina pectoris. 
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15. A process for the production of a pharmaceutical^ acceptable solution 
according to any one of claims 1 to 5, which process comprises mixing carvedilol with the 
adjuvants to form a molecular dispersed solution. 

5 16. A process according to claim 15, wherein the resulting solution is converted 

into a solid administration form by spray drying or spray solidification. 

17. The invention as described above. 



I 
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